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(57) ABSTRACT 

The horizontal and vertical offset for the M><N DCT block 
boundaries are determined for a decompressed image origi 
nally produced by a DCT-based compression system, 
regardless of the amount of compression and/or cropping 
that had been applied to the image. The method includes the 
steps of: a) computing one or more selected DCT coef? 
cients from nonoverlapping, contiguous M><N blocks of the 
decompressed image, beginning at a selected offset; b) 
computing a coef?cient histogram from a set of values for 
each selected DCT coef?cient obtained from the blocks of 
the decompressed image; c) computing a dispersion metric 
from each coefficient histogram; d) repeating steps (a) 
through (c) for a plurality of offsets Within an M><N block; 
e) comparing the dispersion metrics corresponding to the 
plurality of offsets to determine the minimum dispersion 
coef?cient histogram; and f) selecting the offset that corre 
sponds to the minimum dispersion coef?cient histogram as 
the offset for the DCT block boundaries. 
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METHOD AND SYSTEM FOR 
DETERMINING DCT BLOCK BOUNDARIES 

FIELD OF THE INVENTION 

The invention relates generally to the ?eld of digital 
image processing, and in particular to a system for deter 
mining the DCT block boundaries in JPEG and MPEG 
compressed images. 

BACKGROUND OF THE INVENTION 

The JPEG and MPEG international compression stan 
dards have been Widely adopted for the ef?cient storage and 
transmission of still images and image sequences. A com 
mon aspect of these compression standards is that they use 
the discrete cosine transform (DCT) as a key component in 
the compression process. The DCT decomposes the original 
piXel values into a frequency domain representation (i.e., 
DCT coef?cients), Which can be quantiZed and ef?ciently 
encoded. Speci?cally, JPEG and MPEG apply the DCT to 
contiguous, nonoverlapping 8x8 blocks of piXels to produce 
64 DCT coef?cients for each block. Because the DCT 
coef?cients are quantized, JPEG and MPEG are lossy com 
pression methods, i.e., a compressed/decompressed image 
Will not be identical to the original uncompressed image. 

In some applications, it may be necessary to recompress 
an image or image sequence that has been previously 
compressed With JPEG or MPEG. Multiple compression 
cycles can introduce additional quality degradations, even if 
the same compression parameters are used for each cycle. 
The degradations that occur in multiple compression cycles 
have been described in the technical literature, including 
“Image quality With reiterative JPEG compression,” J. 
Kinoshita and T. Yamamuro, J. Imaging Science and 
Technology, Vol. 39(4), pp. 306—312, 1995; and “Compres 
sion of 10-bit video using the tools of MPEG-2,” A. T. 
Erdem and M. I. SeZan, Signal Processing: Image 
Communications, Vol. 7, pp. 27—56, 1995. In addition, other 
technical papers have described methods for minimiZing 
quality loss When it is necessary to change the compression 
parameters betWeen compression cycles (e.g., transcoding 
for a reduced bit rate). These papers include “RequantiZation 
for transcoding of MPEG-2 intraframes,” O. Werner, IEEE 
Trans. Image Processing, Vol. 8(2), pp. 179—191, 1999; and 
“Low-complexity rate-distortion optimal transcoding of 
MPEG I-frames,” R. L. Lagendijk, E. D. Frimout, and J. 
Biemond, Signal Processing: Image Communications, Vol. 
15, pp. 531—544, 2000. 
An implicit assumption in all of the previously referenced 

prior art is that the DCT blocks in each compression cycle 
are aligned With the DCT blocks in the previous cycle. 
HoWever, block misalignment can occur When an image is 
cropped betWeen compression cycles. It has been shoWn in 
“A study of multiple JPEG compression cycles in medical 
images,” S. Young, P. W. Jones, and D. H. Foos, Proc. SPIE 
Medical Imaging, 3335, pp. 336—347, 1998, that a misalign 
ment of the DCT blocks betWeen compression cycles can 
lead to signi?cant quality loss. The quality degradations 
introduced by multiple compression cycles Will be mini 
miZed only When the DCT block boundaries are aligned in 
each cycle. This is true regardless of the speci?c compres 
sion parameters that are selected for each compression cycle. 

Alignment of the DCT block boundaries is straightfor 
Ward if the compressed ?le is available, since it can gener 
ally be assumed that the DCT blocks begin in the upper left 
corner of each image as per the methods de?ned in the J PEG 
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2 
and MPEG standards. HoWever, in some cases, only a 
decompressed image is available, and this decompressed 
image may have been cropped at some point in its process 
ing history. Cropping can destroy the conventional align 
ment of the DCT block boundaries because alignment Will 
be maintained only if the cropping is done at integer 
multiples of 8 piXels in both the horiZontal and vertical 
directions (because of the 8x8 DCT that is used in J PEG and 
MPEG). Thus, it is advantageous to have a method for 
determining the DCT block boundaries When only a decom 
pressed image is available. 

The determination of DCT block boundaries is also 
important in systems that attempt to improve the image 
quality of highly compressed JPEG images and MPEG 
image sequences. In such highly compressed images, severe 
quantiZation of the DCT coef?cients leads to blocking 
artifacts as a result of the block-based nature of the 8x8 
DCT. In order to reduce these blocking artifacts (a process 
knoWn as “deblocking”), it is necessary to knoW the position 
of the DCT block boundaries. Again, if only a decompressed 
image is available, a method is required to determine these 
block boundaries. 

Methods for reducing blocking artifacts in highly com 
pressed images often include blockiness detection metrics 
that can be used to locate block boundaries. Papers from the 
technical literature that describe such techniques include 
“Blocking artifact reduction in image compression With 
block boundary discontinuity criterion,” B. Jeon and J. 
J eong, IEEE Trans. Circuits Systems Video Technology, Vol. 
8(3), pp. 345—357, 1988; ‘Reduction of blocking effect in 
DCT-coded images based on a visual perception criterion,” 
F. -X. CoudouX, M. GaZalet, and P. Corlay, Signal Process 
ing: Image Communications, Vol. 11, pp. 179—186, 1998; 
and “Frequency domain measurements of blockiness in 
MPEG-2 coded video,” K. T. Tan and M. Ghanbari, IEEE 
Proc. Int. Conf. Image Processing, 2000. HoWever, these 
methods are suitable only When distinct and severe blocking 
artifacts are present in the decompressed image. They Will 
not Work for determining the DCT block boundaries of 
cropped images at loW to moderate compression levels, as 
described previously. 

It is therefore advantageous to have a method for deter 
mining the DCT block boundaries of decompressed JPEG 
and MPEG images, regardless of the degree of compression 
that has been applied to the images. 

SUMMARY OF THE INVENTION 

The present invention is directed to overcoming one or 
more of the problems set forth above. Brie?y summariZed, 
according to one aspect of the present invention, the inven 
tion resides in a method (and system) for determining the 
horiZontal and vertical offset for the M><N DCT block 
boundaries of a decompressed image produced by a DCT 
based compression system. The method includes the steps 
of: a) computing one or more selected DCT coef?cients from 
nonoverlapping, contiguous M><N blocks of the decom 
pressed image, beginning at a selected offset; b) computing 
a coef?cient histogram from a set of values for each selected 
DCT coef?cient obtained from the blocks of the decom 
pressed image; c) computing a dispersion metric from each 
coef?cient histogram; d) repeating steps (a) through (c) for 
a plurality of offsets Within an M><N block; e) comparing the 
dispersion metrics corresponding to the plurality of offsets to 
determine the minimum dispersion coef?cient histogram; 
and f) selecting the offset that corresponds to the minimum 
dispersion coef?cient histogram as the offset for the DCT 
block boundaries. 
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These and other aspects, objects, features and advantages 
of the present invention Will be more clearly understood and 
appreciated from a revieW of the following detailed descrip 
tion of the preferred embodiments and appended claims, and 
by reference to the accompanying draWings. 

ADVANTAGES 

The present invention provides a method for reliably 
determining the DCT block boundaries of decompressed 
JPEG and MPEG images, regardless of the degree of com 
pression that has been applied to the images. The method is 
also computationally ef?cient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art JPEG compression system; 
FIG. 2 illustrates a prior art arrangement of DC and AC 

coef?cients produced by a JPEG compression system; 
FIG. 3 illustrates a prior art JPEG decompression system; 
FIG. 4 is an eXample coef?cient histogram for unquan 

tiZed DC coef?cients; 
FIG. 5 is an eXample coef?cient histogram for unquan 

tiZed AC coef?cients; 
FIG. 6 is an eXample coef?cient histogram for quantiZed 

DC coefficients; 
FIG. 7 is an eXample coef?cient histogram for quantiZed 

DC coef?cients illustrating dispersion of the quantized coef 
?cients; 

FIG. 8 is an eXample coef?cient histogram for quantiZed 
DC coef?cients illustrating increased dispersion for mis 
aligned DCT blocks; 

FIG. 9 is a block diagram of the present invention method 
for determining the horiZontal and vertical offset that cor 
responds to the DCT block boundaries; and 

FIG. 10 is a system level diagram of a computer system 
for implementing the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Because image processing systems employing JPEG and 
MPEG compression are Well knoWn, the present description 
Will be directed in particular to attributes forming part of, or 
cooperating more directly With, system and methodology in 
accordance With the present invention. Attributes not spe 
ci?cally shoWn or described herein may be selected from 
those knoWn in the art. In the folloWing description, a 
preferred embodiment of the present invention Would ordi 
narily be implemented as a softWare program, although 
those skilled in the art Will readily recogniZe that the 
equivalent of such softWare may also be constructed in 
hardWare. Given the system as described according to the 
invention in the folloWing materials, softWare not speci? 
cally shoWn, suggested or described herein that is useful for 
implementation of the invention is conventional and Within 
the ordinary skill in such arts. 

If the invention is implemented as a computer program, 
the program may be stored in conventional computer read 
able storage medium, Which may comprise, for eXample; 
magnetic storage media such as a magnetic disk (such as a 
?oppy disk or a hard drive) or magnetic tape; optical storage 
media such as an optical disc, optical tape, or machine 
readable bar code; solid state electronic storage devices such 
as random access memory (RAM), or read only memory 
(ROM); or any other physical device or medium employed 
to store a computer program. 
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4 
In describing a preferred embodiment of the present 

invention, the JPEG compression standard is used for the 
purposes of illustration. HoWever, as is apparent to those 
skilled in the art, the same methods can be applied to 
MPEG-compressed image sequences because of the com 
monality of the 8x8 DCT. In addition, the same methods can 
be applied Without limitation to other compression systems 
that use a DCT, including those that use a DCT of arbitrary 
siZe M><N, Where M is typically equal to N. 

Before describing the present invention, it is instructive to 
revieW the basic components of a JPEG compression and 
decompression system. As illustrated in FIG. 1, an original 
image is compressed by forming 8x8 nonoverlapping, con 
tiguous blocks of piXel values, and each 8x8 block is 
transformed to the spatial frequency domain using the 
forWard DCT 10. The output of the DCT is 64 DCT 
coef?cients for each original 8x8 image block. The loWest 
frequency DCT coef?cient is termed the DC coef?cient, and 
it is proportional to the mean value of a block. The remain 
ing coefficients are termed AC coef?cients, and they repre 
sent ?uctuations around the mean value. For most images, a 
signi?cant portion of the image energy is packed into the 
loWer frequency coef?cients, Which generally results in 
larger values for these coefficients. 
The DCT coef?cients are then processed by a quantiZer 

12, Which limits the number of possible values for each 
coef?cient. The amount of quantiZation is speci?ed by a 
quantiZation table (q-table), Which provides the degree of 
quantiZation for each of the 64 DCT coef?cients from an 8x8 
block. Larger q-table values indicate more quantiZation and 
hence more errors for the corresponding DCT coef?cients. It 
is common to select the q-table values using properties of the 
human visual system, Which result in greater quantiZation 
for the DCT coefficients corresponding to higher spatial 
frequencies. For completeness, it is noted that the quantiZed 
coef?cients that are produced in the JPEG system are scaled 
versions of the actual quantiZed values. This is done for 
convenience in the subsequent encoding process, and the 
particular scaling is largely irrelevant in the context of the 
present invention. 

The ?nal step in JPEG compression is the conversion of 
the quantiZed DCT coef?cients to the binary codeWords that 
form the JPEG bitstream. This is done using a Huffman 
encoder 14 in the J PEG baseline system. Afull discussion of 
the JPEG encoding process is not needed to describe the 
present invention, but it is useful to note that the coefficients 
for a given block are ordered using a ZigZag scan prior to 
encoding. This ordering is illustrated in FIG. 2, Where the 
DC coef?cient is labeled 0, and the AC coef?cients are 
labeled 1 to 63 Where the ordering goes from loWer fre 
quencies to higher frequencies. We Will use this naming 
convention in subsequent discussions of the DCT coef? 
cients. 
As illustrated in FIG. 3, the JPEG decompression system 

accepts a J PEG bit stream and applies a Huffman decoder 16 
to recover the 64 scaled, quantiZed DCT coef?cients for each 
8x8 block from the binary codeWords. These scaled, quan 
tiZed coef?cients are processed by an inverse quantiZer 18, 
Which undoes the scaling that Was performed by the com 
pression system. The inverse quantiZation process requires 
the q-table that Was used by the quantiZation process during 
encoding. The resulting 64 quantiZed DCT coefficients for 
each block are then transformed into the spatial domain 
using the inverse DCT 20. The output is an 8x8 decom 
pressed image block for each set of 64 quantiZed DCT 
coef?cients. Finally, the decompressed image blocks are 
concatenated to form the decompressed image. 
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In the present invention, a fundamental statistic is the 
DCT coef?cient histogram that is formed by analyzing the 
coef?cients that correspond to a given spatial frequency 
(e.g., the DC coef?cients, the AC 3 coefficients as shoWn in 
FIG. 2, etc.). The coefficient histogram for a given spatial 
frequency is computed by counting the number of times that 
each coef?cient value occurs across all of the 8x8 blocks in 
an image. The number of occurrences (i.e., the histogram 
count) for each coef?cient value is then indexed by the 
coef?cient value to form a tWo-dimensional table that can be 
plotted for easy visualiZation. The shape of the coef?cient 
histogram Will depend upon Which spatial frequency is 
selected and Whether quantiZation has been performed on 
the coef?cients. We ?rst consider some example histograms 
for unquantiZed DCT coef?cients, Which Would be produced 
by decomposing an original image using the forWard DCT. 
These are folloWed by examples for quantiZed DCT 
coef?cients, Which Would be produced by decomposing an 
image that has previously been compressed and decom 
pressed. 

FIG. 4 is an example of a histogram of unquantiZed DC 
coef?cients. The DC coef?cient histogram Will vary sub 
stantially from image to image, but it is typically Well 
populated across the range of possible coef?cient values 
(—L, +L) as illustrated in FIG. 4. We note that the range of 
DC coefficient values includes negative numbers because a 
value of 128 has been subtracted from each pixel prior to 
computing the coefficient as per the JPEG speci?cations. 
FIG. 5 shoWs an example of a histogram of unquantiZed AC 
coef?cients (AC coef?cient 10 in FIG. 2). The histograms 
for the AC coef?cients Will also vary, both from coef?cient 
to coef?cient and from image to image. HoWever, the basic 
form is often similar to FIG. 5 in that the AC coef?cient 
values are typically centered around Zero and large coef? 
cient values are unlikely. 

The effect of quantiZation on the coef?cient histograms is 
illustrated in FIG. 6 for the DC coef?cients. Quantization is 
a many-to-one mapping, resulting in all coefficients Within 
a given interval being represented by a single value. This 
shoWs up in the coef?cient histogram as distinct spikes at the 
possible quantiZed values. The spacing betWeen the possible 
quantiZed values is knoWn as the quantiZation interval. In the 
case of JPEG, the quantiZation interval for a given DCT 
coef?cient is equivalent to the corresponding q-table value. 
Thus, the spacing betWeen quantiZed values Will generally 
be smaller for the loW spatial frequency coefficients, Which 
have smaller q-table values, as compared to the higher 
spatial frequency components. 
NoW, if an image has been JPEG compressed and 

decompressed, the decompressed image Will be recon 
structed using only those components that correspond to the 
quantiZed DCT coef?cients. HoWever, if an image has been 
compressed and decompressed, and the image is subse 
quently decomposed using the forWard DCT, the resulting 
coef?cient histograms Will no longer contain only the dis 
tinct spikes that are shoWn in FIG. 6. Instead, each spike Will 
be dispersed across a number of coef?cient values as shoWn 
in FIG. 7. 

This dispersion of the spikes in the coef?cient histograms 
is the result of limited arithmetic precision. Speci?cally, a 
decompressed image must be represented using ?nite 
precision, although the inverse DCT actually produces ?oat 
ing point values. In the case of the JPEG baseline system, the 
decompressed image is produced by rounding reconstructed 
pixel values to integers betWeen 0 and 255. If the decom 
pressed image is subsequently decomposed by applying the 
forWard DCT, the resulting DCT coef?cients Will no longer 
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6 
be restricted to the quantiZed coef?cient values. In addition, 
color images are typically transformed from an RGB col 
orspace to a luma/chrominance color space (such as YCbCr) 
prior to compression and subsequently transformed back to 
RGB upon decompression. These color transformations also 
require ?nite precision representations for the data, Which 
introduces additional dispersion in the DCT coef?cients. 
The present invention is based on the observation that the 

dispersion of the quantiZed DCT coef?cients is minimiZed 
When the DCT blocks of the decomposition process are 
aligned With those of the initial compression process. This 
observation can be explained by considering an example 
Where the DC coef?cient is computed for an 8x8 block that 
spans tWo previously encoded 8x8 blocks. Besides the 
dispersion that is introduced by the ?nite precision repre 
sentations as described previously, there is noW an additional 
dispersion in the coef?cient values caused by averaging 
across tWo previously quantiZed blocks. An example of this 
additional dispersion for a DC coef?cient histogram is 
shoWn in FIG. 8. The extra dispersion that is introduced by 
the misalignment of blocks is dependent upon the image, the 
degree of quantiZation in the previous compression cycle, 
and the choice of DCT coef?cient. HoWever, it is generally 
not dependent on the amount of misalignment. “A miss is as 
good as a mile” in this case. 

A block diagram of the present invention is illustrated in 
FIG. 9. The basic approach is to compute the histogram for 
one or more DCT coefficients at all possible offsets of the 
DCT block boundaries, and then ?nd the offset that produces 
the minimum dispersion histogram(s). Because JPEG uses 
8x8 blocks, it is only necessary to search over offsets of 0 to 
7 pixels in both the horiZontal and vertical directions, for a 
total of 64 possible offsets. Referring to FIG. 9, the hori 
Zontal and vertical offset, denoted as (i, j), is initialiZed to (0, 
0) using an offset initialiZation unit 22. Nonoverlapping, 
contiguous blocks are then formed from the decompressed 
image using a block formation unit 24, starting at the initial 
offset of (0, 0). For previously compressed JPEG and MPEG 
images, the block siZe is 8x8, but more generally, the block 
siZe is M><N, corresponding to the siZe of the DCT that Was 
used for compression. 

For each block, one or more DCT coef?cients are com 

puted using a coef?cient computation unit 26. The coef? 
cient computation unit 26 could perform a complete DCT 
(i.e., all 64 coefficients for an 8x8 DCT) as in the DCT 10 
of FIG. 1, but it is generally necessary to only compute one, 
or perhaps a feW, coef?cients for each block. This is much 
more ef?cient than computing the complete set of DCT 
coef?cients. The selection of appropriate DCT coefficients 
Will be discussed shortly. 

For each selected coef?cient, the values from all blocks in 
the image are combined to form a DCT coefficient histogram 
using a coefficient histogram unit 28. For each coef?cient 
histogram, a dispersion metric is computed and stored using 
a dispersion metric computation unit 30. The speci?c form 
of the dispersion metric Will be discussed shortly. The 
horiZontal and vertical offsets are then updated to a neW 
offset (i, by an offset update unit 32, and the process of 
forming the 8x8 blocks, computing the DCT coef?cient(s), 
computing the coef?cient histogram, and computing the 
dispersion metric is repeated. This process is repeated for all 
possible offsets, and the process is terminated When an offset 
testing unit 34 determines that all possible offsets have been 
evaluated. For the 8x8 DCT used in JPEG and MPEG, there 
are 64 possible offsets as discussed previously. More 
generally, there are M><N possible offsets for an M><N DCT. 

After the dispersion metric has been computed for all 
possible offsets, the dispersion metrics are compared using 
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a dispersion metric comparison unit 36 to determine the 
offset that produces the minimum dispersion coef?cient 
histogram. The horizontal and vertical offset (imin, jmin) that 
corresponds to the minimum dispersion histogram is 
selected as being the offset that corresponds to the DCT 
block boundaries. If dispersion metrics have been computed 
for more than one DCT coef?cient (e.g., the DC coef?cient 
and an AC coef?cient), an offset can be determined for each 
coef?cient and the results can be combined, if desired, to 
determine the offset of the DCT block boundaries. HoWever, 
We have found that a single coef?cient is generally suf?cient 
in practice. 
As noted, most JPEG compression is performed in luma/ 

chrominance (e.g., YCbCr) colorspace, With explicit 2>< 
spatial subsampling (horizontally and vertically) of the 
chrominance channel prior to compression. Most of the 
image energy is contained in the luma channel, so the DCT 
coef?cients for the chrominance channels typically are very 
loW amplitude. Because of the subsampling and the loW 
amplitude coef?cients, detection of the DCT block bound 
aries in the chrominance channels is more dif?cult. For this 
reason, We restrict all processing to the luma channel only. 
Once the DCT block boundaries are knoWn for the luma 
channel, it is simple to derive the block boundaries for the 
chrominance channels. 

NoW, there are several issues in the block boundary 
detection process that Was just described. The ?rst is the 
selection of DCT coef?cients to be used for computing the 
coef?cient histograms and subsequent dispersion metrics. 
The second is the precision that is required for the coef?cient 
histograms (i.e., the number of histogram bins). The third is 
the speci?c form of the dispersion metric. We noW address 
each of these issues. 

The selection of the DCT coef?cients is a balance betWeen 
computational ef?ciency and robustness of the alignment 
process. It is possible to compute all 64 DCT coef?cients, 
but this is very computationally intensive since it must be 
done for all possible offsets. This is equivalent to performing 
64 DCTs for each image. Instead, good performance can be 
achieved by considering only a single coef?cient or at most 
a small number of DCT coef?cients. It is advantageous to 
select coef?cients that are in a frequency region Where 
images have signi?cant energy, so that the histograms Will 
be populated over a range of values. This implies that the 
loWer frequency coef?cients should be used because the 
higher frequency coef?cients typically have small values 
and undergo signi?cant quantiZation, Which results in many 
high frequency coef?cients being quantiZed to Zero. 

There is also an interaction With the q-table values that 
Were used in the previous compression cycle. For loW 
q-tables values, there is a narroW spacing betWeen the peaks 
in the histogram (i.e., the quantiZation interval is small), and 
it may be more difficult to detect the increased dispersion in 
the coef?cient histogram. For most JPEG-compressed 
images, the loW q-table values occur at loW spatial 
frequencies, Which is Where most of the image energy is 
located. Therefore, there may be a trade-off betWeen image 
energy and q-table value When selecting a coef?cient for the 
histogram computation. 

Finally, certain coef?cients can be computed very ef? 
ciently because of the speci?c piXel Weights that are used. 
For eXample, the DC coef?cient is merely the unity sum of 
all piXels in a block, and AC coef?cients 10 and 14 are the 
unity sums and differences of the roWs and columns, respec 
tively. Other coef?cients require ?oating point Weights that 
are computationally less ef?cient. In practice, We have found 
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8 
that the DC coef?cient provides robust alignment 
performance, While also being very simple to compute, even 
When the corresponding q-table value is very small. 

Another important decision in the block boundary detec 
tion process is the selection of the number of bins to be used 
for the coef?cient histograms. In a JPEG-compressed image, 
the quantiZed coefficients are inherently restricted to integer 
values betWeen approximately —1024 and +1024. This range 
of values is determined by the de?nition of the DCT in the 
JPEG standard. HoWever, When a compressed/ 
decompressed JPEG image is decomposed using the DCT, 
the resulting DCT coefficients Will not strictly be integers 
because of the precision issues that Were described previ 
ously. If a coef?cient histogram only contains bins repre 
senting the same range of integer values from —1024 to 
+1024 (or 2048 bins), it is dif?cult to detect the increased 
dispersion of the coef?cients because of misaligned DCT 
blocks. Therefore, it is advantageous to use an increased 
precision for the coef?cient histograms. This can be done by 
scaling the DCT coefficients and rounding to the nearest 
integer prior to computing the histogram. It is convenient to 
scale by poWers of tWo, so the resulting histograms may 
contain, for eXample, 4096 or 8192 bins. In practice, We 
have found that these modest increases in precision are 
suf?cient to provide robust alignment performance With the 
present invention. 

The ?nal consideration is the dispersion metric to be 
applied to the histogram. The basic approach is to note that 
the histogram values Will be clustered around the original 
quantiZed coefficient values. When the DCT blocks are 
properly aligned, the spread of these clusters should be 
minimiZed and the peaks of these clusters should be highest. 
This suggests numerous possibilities for the dispersion 
metric, including: 
Zeroth-order entropy of the coef?cient histogram, 
variance of the coef?cient histogram counts, 
ratio or difference of maX and min coef?cient histogram 

counts, 
number of coef?cient histogram bins With non-Zero counts. 

To understand the rationale for these metrics, We Will 
consider a histogram denoted as H(n), Where H(n) is the 
histogram count for a scaled coefficient value n, and the 
coef?cient indices range from —L to +L (e.g., —2048 to 
+2048 for a scaling factor of tWo With the JPEG system). 
Entropy is de?ned as: 

+L 

Entropy = —Z pmnogmm. 
+L 

Where p(n) is the probability of a particular histogram value 
and is given by: 

and B is the total number of histogram counts, Which is equal 
to the total number of blocks over Which the DCT coef? 
cients have been computed. Entropy is maXimiZed When a 
distribution is uniform, Which implies that the minimum 
entropy histogram represents the tightest clustering and 
hence the correct DCT block alignment. Both the variance of 
the histogram counts and the ratios or differences of the 
maXimum and minimum histogram counts are attempting to 
quantify the degree of peakedness of the counts, Which 
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should be maximized When the DCT blocks are aligned. The 
variance of the histogram counts is de?ned as: 

+L 4L 2 

Variance = 113; [H(n)]2 - H(n)] , 

and We note that the variance of the histogram counts is 
different from the variance of the histogram values, Which 
We found Was not a robust dispersion metric. Finally, for 
images that have been heavily compressed, there Will be 
many bins that are Zero because of the large quantization 
intervals of the coef?cients. We Would expect that the 
number of Zero histogram bins (i.e., the bins Where H(n)=0) 
Would be maximiZed When the blocks are aligned. We note 
that all of these metrics are very simple to compute. 

In a preferred embodiment of the present invention, the 
dispersion metric is the ratio of the sums of histogram counts 
at periodic intervals. Speci?cally, if the coef?cient histogram 
has been computed for scaled DCT coef?cients (With 
increased precision as described previously), the periodic 
intervals correspond to the scaling factor. For example, if the 
coef?cients have been scaled by a factor of tWo prior to 
computing the histogram, tWo sums Would be computed: the 
sum of the odd-indexed bins and the sum of the even 
indexed bins. If the coefficients have been scaled by a factor 
of four, then four sums Would be computed With a periodic 
interval of four histogram counts. In general, for a scaling 
factor of k, there are k sums that are formed (denoted as Si, 
i=0, 1, . . . , k-1): 

for all values of n that satisfy n (modulo k)=i, Where again 
H(n) is the histogram count for a scaled coef?cient value n, 
and the coef?cient indices range from —L to +L. After the 
histograms sums have been computed, the dispersion metric 
is computed as the ratio of the maximum sum to the 
minimum sum, Where the maximum and minimum sums are 
selected from the set of k sums. The offset (i, that 
corresponds to the maximum ratio of the sums is selected as 
the block boundary location. 

To see Why this sum ratio metric provides a good measure 
of the dispersion of the histogram, consider the case Where 
the DCT coef?cients are scaled by a factor of tWo prior to 
computing the histogram. Recall that the quantized coef? 
cients in the original JPEG-compressed image are inherently 
restricted to integer values betWeen approximately —1024 
and +1024. If the quantiZed coef?cients are scaled by a 
poWer of tWo, the resulting histogram should only contain 
even values. When the DCT coef?cients are dispersed 
because of ?nite precision and block misalignment, the 
coef?cient histogram Will contain odd values in addition to 
even values. HoWever, the dispersion of the even-valued 
coef?cients into the odd-valued bins Will be minimiZed 
When the DCT blocks are aligned. Correspondingly, the sum 
of the odd-indexed bins Will be minimiZed and the sum of 
the even-indexed bins Will be maximiZed. Thus, the ratio of 
the even-indexed sum to the odd-indexed sum should be 
maximiZed When the DCT blocks are aligned. 

The average performance of various dispersion metrics is 
shoWn in Table 1 for a test set of 11 images at various JPEG 
compression ratios. (The all 1’s q-table does not correspond 
to a speci?c compression ratio, but it represents the mini 
mum possible compression for a JPEG system.) The results 
are reported as the probability of the correct offset being 
chosen. For these results, the number of histogram bins Was 
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10 
set to 4096, and the histograms for the DC coef?cient and 
AC coef?cients 10 and 14 Were computed. It can be seen that 
the ratio of the maximum/minimum histogram sums is an 
excellent indicator of the correct DCT block alignment 
across a broad range of compression ratios. The entropy and 
the variance of the histogram bin counts of the DC coef? 
cient are also good indicators at moderate to high compres 
sion ratios. The improved performance of the dispersion 
metrics at higher compression ratios can be explained by 
noting that the spacing of the histogram clusters is larger, 
Which provides a greater distinction betWeen the histogram 
peaks and valleys. The robust performance at higher com 
pression ratios is an important characteristic, since DCT 
block misalignment Will have the most severe effect for 
heavily compressed images. For images that are compressed 
to loW compression ratios, DCT block misalignment for 
subsequent compression cycles Will have a lesser effect on 
image quality. 
While the overall methodology of the invention is 

described above, the invention can be embodied in any 
number of different types of systems and executed in any 
number of different Ways, as Would be knoWn by one 
ordinarily skilled in the art. For example, as illustrated in 
FIG. 10, a typical hardWare con?guration of an information 
handling/computer system in accordance With the invention 
preferably has at least one processor or central processing 
unit (CPU) 100. The CPU 100 is interconnected via a system 
bus 101 to a random access memory (RAM) 102, a read 
only memory (ROM) 103, an input/output (I/O) adapter 104 
(for connecting peripheral devices such as disk units 105 and 
tape drives 106 to the bus 101), a communication adapter 
107 (for connecting an information handling system to a 
data processing netWork), a user interface adapter 108 (for 
connecting peripherals 109, 110, 111 such as a keyboard, 
mouse, digital image input unit (e.g., a scanner), 
microphone, speaker and/or other user interface device to 
the bus 101), a printer 112 and a display adapter 113 (for 
connecting the bus 101 to a display device 114). The 
invention could be implemented using the structure shoWn 
in FIG. 10 by including the inventive method Within a 
computer program stored on the storage device 105. Such a 
computer program Would act on compressed images sup 
plied through the interface adapter 108 or through the 
netWork connection 107 and decompressed by the CPU 100. 
The system Would then automatically determine the DCT 
block boundaries of decompressed JPEG and MPEG 
images, regardless of the degree of compression that has 
been applied to the images at an earlier stage. 

The invention has been described in detail With particular 
reference to certain preferred embodiments thereof, but it 
Will be understood that variations and modi?cations can be 
effected Within the spirit and scope of the invention. 

TABLE 1 

Probability of correct offset for different dispersion metrics With 
11 test images. 

Dispersion metric 

Max-to 
DCT Compression Count Number of min sum 
coeff. ratio Entropy variance Zero bins ratio 

DC All 1’s q-table 0.91 1.00 0.36 1.00 
5:1 1.00 1.00 0.27 1.00 

10:1 1.00 1.00 0.82 1.00 
20:1 1.00 1.00 1.00 1.00 
40:1 1.00 1.00 1.00 1.00 
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TABLE 1-continued 

Probability of correct offset for different dispersion metrics With 
11 test images. 

Dispersion metric 

MaX-to 
DCT Compression Count Number of min sum 
coeff. ratio Entropy variance zero bins ratio 

AC 10 All 1’s q-table 0.55 0.55 0.00 1.00 
5:1 0.27 0.46 0.36 1.00 

10:1 1.00 1.00 0.82 1.00 
20:1 1.00 1.00 1.00 1.00 
40:1 1.00 1.00 1.00 1.00 

AC 14 All 1’s q-table 0 55 0.55 0.00 1.00 
5:1 0.55 0.64 0.18 1.00 

10:1 1.00 1.00 1.00 1.00 
20:1 1.00 1.00 1.00 1.00 
40:1 1.00 1.00 1.00 1.00 

PARTS LIST 

10 forWard DCT 
12 quantizer 
14 Huffman encoder 
16 Huffman decoder 
18 inverse quantizer 
20 inverse DCT 
22 offset initialization unit 
24 block formation unit 
26 coef?cient computation unit 
28 coeflicient histogram unit 
30 dispersion metric computation unit 
32 offset update unit 
34 offset testing unit 
36 dispersion metric comparison unit 
100 CPU 
101 bus 
102 RAM 
103 ROM 
104 I/O adapter 
105 disk unit 
106 tape drive 
107 communication adapter 
108 interface adapter 
109 keyboard 
110 mouse 

111 digital image input unit 
112 printer 
113 display adapter 
114 display device 

What is claimed is: 
1. A method for determining the horizontal and vertical 

offset for the M><N DCT block boundaries of a decom 
pressed image produced by a DCT-based compression 
system, comprising the steps of: 

a) computing one or more selected DCT coef?cients from 
nonoverlapping, contiguous M><N blocks of the decom 
pressed image, beginning at a selected offset; 

b) determining a coef?cient dispersion for each selected 
DCT coef?cient from a set of values for the respective 
DCT coef?cient obtained from the blocks of the decom 
pressed image; 

c) repeating steps (a) and (b) for a plurality of offsets 
Within an M><N block; and 

d) identifying the offset that minimizes the coef?cient 
dispersion, thereby determining the block boundaries 
of the decompressed image. 

2. The method according to claim 1 Wherein step b) 
further comprises: 
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12 
b1) computing a coef?cient histogram from the set of 

values for each selected DCT coef?cient obtained from 
the blocks of the decompressed image; and 

b2) computing a dispersion metric from each coef?cient 
histogram. 

3. The method according to claim 2 Wherein step d) 
further comprises: 

d1) comparing the dispersion metrics corresponding to the 
plurality of offsets to determine the minimum disper 
sion coef?cient histogram; and 

d2) selecting the offset that corresponds to the minimum 
dispersion coef?cient histogram as the offset for the 
DCT block boundaries. 

4. The method according to claim 1, Wherein M=8 and 

5. The method according to claim 1, Wherein the decom 
pressed image is a JPEG-decompressed image. 

6. The method according to claim 1, Wherein the decom 
pressed image is an MPEG-decompressed image. 

7. A method for determining the horizontal and vertical 
offset for the M><N DCT block boundaries of a decom 
pressed image produced by a DCT-based compression 
system, comprising the steps of: 

a) computing one or more selected DCT coef?cients from 
nonoverlapping, contiguous M><N blocks of the decom 
pressed image, beginning at a selected offset; 

b) computing a coef?cient histogram from the set of 
values for each selected DCT coef?cient obtained from 
the blocks of the decompressed image; 

c) computing a dispersion metric from each coef?cient 
histogram; and 

d) repeating steps (a), (b), and (c) for a plurality of offsets 
Within an M><N block in order to identify the offset that 
minimizes the coef?cient dispersion, thereby determin 
ing the block boundaries of the decompressed image; 

Wherein the dispersion metric is a ratio of the maximum 
to minimum histograms sums, Wherein the sums are 
computed by summing the histogram counts at periodic 
intervals. 

8. The method according to claim 1 Wherein the one or 
more selected DCT coef?cients is the DC coef?cient. 

9. The method according to claim 1 Wherein the plurality 
of offsets corresponds to all possible offsets Within the M><N 
block. 

10. The method according to claim 1 Wherein the decom 
pressed image is a color image and steps a) through c) are 
completed for a luminance component of the color image. 

11. The method according to claim 3 Wherein a plurality 
of selected DCT coef?cients are computed in step a) and a 
corresponding plurality of coef?cient histograms, dispersion 
metrics and minimum dispersion coef?cient histograms are 
computed in steps b1), b2) and d1), and Wherein in step d2) 
the offset is determined from the plurality of minimum 
dispersion coef?cient histograms. 

12. The method according to claim 2 Wherein step a) 
further comprises the steps of scaling the DCT coefficients 
and rounding each DCT coef?cient to the nearest integer 
prior to computing the coefficient histogram in step b1). 

13. A computer storage medium having instructions 
stored therein for causing a computer to perform the method 
of claim 1. 

14. A system for determining the horizontal and vertical 
offset for the M><N DCT block boundaries of a decom 
pressed image produced by a DCT-based compression 
system, said system comprising: 

a) means for computing one or more selected DCT 
coef?cients from nonoverlapping, contiguous M><N 
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blocks of the decompressed image, beginning at a 
selected offset; 

b) means for determining a coef?cient dispersion for each 
selected DCT coef?cient from a set of values for the 
respective DCT coef?cient obtained from the blocks of 
the decompressed image; 

c) means for repeating the computing and determining in 
paragraphs (a) and (b) for a plurality of offsets Within 
an M><N block; and 

means for identifying the offset that minimiZes the coef 
?cient dispersion, thereby determining the block 
boundaries of the decompressed image. 

15. The system according to claim 14 Wherein said means 
for determining a set of values further comprises: 

means for computing a coefficient histogram from the set 
of values for each selected DCT coef?cient obtained 
from the blocks of the decompressed image; and 

means for computing a dispersion metric from each 
coef?cient histogram. 

16. The system according to claim 15 Wherein said means 
for identifying further comprises: 

means for comparing the dispersion metrics correspond 
ing to the plurality of offsets to determine the minimum 
dispersion coef?cient histogram; and 

means for selecting the offset that corresponds to the 
minimum dispersion coef?cient histogram as the offset 
for the DCT block boundaries. 

17. The system according to claim 14, Wherein M=8 and 
N=8. 

18. The system according to claim 14, Wherein the decom 
pressed image is a JPEG-decompressed image. 

19. The system according to claim 14, Wherein the decom 
pressed image is an MPEG-decompressed image. 

20. A system for determining the horiZontal and vertical 
offset for the M><N DCT block boundaries of a decom 
pressed image produced by a DCT-based compression 
system, said system comprising: 

a) means for computing one or more selected DCT 
coef?cients from nonoverlapping, contiguous M><N 
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blocks of the decompressed image, beginning at a 
selected offset; 

b) means for processing a set of values for each selected 
DCT coefficient obtained from the blocks of the decom 
pressed image in order to identify a coefficient disper 
sion; and 

c) means for repeating the computing and processing in 
paragraphs (a) and (b) for a plurality of offsets Within 
an M><N block in order to identify the offset that 
minimiZes the coef?cient dispersion, thereby determin 
ing the block boundaries of the decompressed image; 

Wherein said means for processing a set of values further 
comprises: 
means for computing a coef?cient histogram from the 

set of values for each selected DCT coef?cient 
obtained from the blocks of the decompressed 
image; and 

means for computing a dispersion metric from each 
coef?cient histogram; 

Wherein said means for repeating further comprises: 

means for comparing the dispersion metrics correspond 
ing to the plurality of offsets to determine the minimum 
dispersion coef?cient histogram; and 

means for selecting the offset that corresponds to the 
minimum dispersion coef?cient histogram as the offset 
for the DCT block boundaries; and 

Wherein the dispersion metric is a ratio of the maXimum to 
minimum histograms sums, Wherein the sums are computed 
by summing the histogram counts at periodic intervals. 

21. The system according to claim 14 Wherein the one or 
more selected DCT coef?cients is the DC coef?cient. 

22. The system according to claim 14 Wherein the plu 
rality of offsets corresponds to all possible offsets Within the 
M><N block. 

23. The system according to claim 14 Wherein the decom 
pressed image is a color image and the computations are 
completed for a luminance component of the color image. 


